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Abstract
Infrastructures based on Information and Communication Technology (ICT) such as wired/wireless information networks are 
poised to play an important role in meeting the increasing demand for broadband services; therefore, there is an urgent need to 
facilitate nationwide ICT infrastructures immediately. Since the installation of such ICT infrastructures requires a large amount 
of time and money, the selection of the installation area is an important issue. Low-usage facilities can cause problems for 
business in terms of investment efficiency, and it takes time to select areas because we need to consider how to estimate the 
potential demand and how to manage the installation of infrastructures for thousands of municipal areas across the nation. In this 
paper, we propose a microarea selection method, particularly for the early stage of ICT infrastructure installation, by using 
commuting flows as the broadband service propagation model.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of KES International.
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1. Introduction
Broadband access services have diffused rapidly because of the asymmetric digital subscriber line (ADSL) 
penetration1. This has enabled a widespread use of consumer-generated media (CGM) such as social networking 
service (SNS) and YouTube through the broadband access infrastructure. These multimedia services have 
* Corresponding author. Tel.: +81-47-478-0461; fax: +81-47-478-0461.
E-mail address: iwashita.motoi@it-chiba.ac.jp
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of KES International
1729 Motoi Iwashita et al. /  Procedia Computer Science  60 ( 2015 )  1728 – 1737 
dramatically changed the modern lifestyle and have made it possible for individuals to obtain and share information 
easily. Some local governments are trying to utilize ICT infrastructures for healthcare, nursing, and so on in their 
regions2.
Fibre-to-the-home (FTTH) is an ultra-high-speed broadband access infrastructure, provided in Japan since 2002.
Such an ICT infrastructure provides a variety of technologies and circumstances for corporate activity.
Although the FTTH coverage rate for 2014 with respect to the total number of households nationwide was about 
98%3, the customer rate using FTTH in the coverage areas was still 43%. As for wireless broadband access, long-
term evolution (LTE) for high-speed wireless access has been provided since December 2010. The LTE coverage 
rate for the population was more than 90% and the customer rate was about 42% in 20144. The other high-speed 
wireless access, worldwide interoperability for microwave access (WiMAX) (which has been provided since 2009), 
had a coverage rate of greater than 90%, and the total number of customers was about 7 million in 2014.
Since the infrastructure installation is very expensive, business management is strongly affected by it when the
facility usage is low. Therefore, strategic and economical installation is necessary for ICT infrastructure such as 
broadband and wireless access facilities. Such installation strongly depends on how we estimate the potential 
demand in different areas: therefore, an efficient estimation method is urgently required.
The goal of providing an area with ICT services is to determine the investment order of areas as ICT 
infrastructure installation per area is both more effective and less expensive than on-demand installation. If we can 
come up with an efficient method, it would have a lasting impact on enterprise business.
In this paper, we propose a microarea selection method that is simple to use compared with trade analysis. Our 
target is the early stage of ICT infrastructure installation, that is, low coverage rate. The proposed method is based 
on the use of commuting flows as the broadband service propagation model and is verified with the service 
penetration of WiMAX services. Section 2 introduces the related works on demand-analysis methods. The 
hypothesis of service diffusion is described in Section 3. Section 4 is devoted to the framework of microarea 
marketing. Section 5 describes an efficient method for the selection of microareas. Simulation results and 
discussions are presented in Section 6. Section 7 concludes this paper.
2. Related works
Determining the target area for marketing, such as which area to focus on in terms of sales activities and which 
area to install the facility in, is based on trade analysis5. In fact, the setting up of a convenience store is decided by 
demographic data and a field survey. The geographic information system (GIS)6 is an effective tool for area-related
decision making. An empirical study using GIS for trade analysis has been reported previously7. These approaches 
are effective for deciding whether a store should be set up in a given area.
For the application of these methods to ICT infrastructure installation, it is necessary to spend a large amount of 
time selecting areas because the installation has little effect if it is carried out in one area rather than in several areas 
simultaneously nationwide from the viewpoint of network externality8.
In order to select the areas, we need to first consider the potential demand. Previous research9-11 has focused on a
macrodemand forecast to provide facility installation principles, not to specify installation areas. There has been one 
study on microarea forecasting12. It describes only the guidelines for microarea forecasting by using multiple 
regression analysis.
In order to proceed with microarea marketing, we focus on the diffusion mechanism of the ICT infrastructure. It
seems to be diffused in accordance with service reputation in areas where ICT infrastructure is provided as a trial.
Therefore, who pushes forward service diffusion is an important question. An innovative early adopter in the 
technology lifecycle is characterized as an information source affecting acquaintances from the viewpoint of 
innovative diffusion13. The innovative early adopter is generally reckoned as a person who gets stimulated with 
many contacts through his/her mobility. Although it is difficult to identify each person in an area from the viewpoint 
of the technology life cycle (e.g., who is an early adopter), a city planning study that uses cell phones (life log data) 
to obtain mobility data by area has just been started from the viewpoint of mobility14. These researchers expect to 
analyse human behaviour by utilizing life log data, and if the analysis works well, the results can be applied to 
various fields. However, there are no such kinds of information at the moment.
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As for the diffusion of the broadband infrastructure facilities at the moment, the framework of microarea 
marketing is proposed on the basis of commuting flows in terms of considering human behaviour15. A microarea 
selection method has been developed and compared with the conventional method, which is simple application of 
the population order in some regions as the case study16. Therefore, the application condition of microarea selection 
method should be needed for the practical use to grasp the early adopter behaviour efficiently.
3. Hypothesis of facility diffusion and area model
As described above, an early adopter plays an important role in innovation diffusion in general; this means that 
he/she sends interesting information to his/her acquaintances13. We try to explain how the ICT infrastructure is 
diffused by innovation. The diffusion of audio-visual (AV) and digital equipment depends on users’ reputation 
through their use and sharing their impressions by word of mouth. In fact, consumers tend to be affected by a person 
who has similar preferences. Services based on the ICT infrastructure expand by sharing information among users of 
the AV and digital equipment. CGM greatly depends on network externality; for example, the ratio of users who 
choose Internet video sites based on recommendations of friends/acquaintances is about 38%17. The propagation 
speed of Twitter is evidently faster than that of Internet video sites18. When a user has to pay for new software or a 
service upgrade, he/she tends to decide doing it on the basis of information from face-to-face communication with 
friends/acquaintances19. Since the ICT infrastructure is not a free service, customers seem to behave in the same way 
as they behave in the case of new software purchase/service upgrade.
Next, we explain the relationship between an early adopter and other individuals on the basis of personal 
behaviour20. If an individual has many contacts with several early adopters, the possibility that he/she will demand 
the service is high, as shown in Fig. 1. These considerations, along with the results in13, show that the mobility of an 
early adopter will probably induce service diffusion through contacts with many individuals. Therefore, we assume a 
commuting flow that includes early adopters in the service diffusion process, as shown in Fig. 2.
Fig. 1. Type of contact with early adopter.
Fig. 2. Commuting flow model.
Here, we describe the commuting flow in more detail. Since the diffusion of the ICT infrastructure strongly 
depends on the type of application (SNS, net game, etc.), it is desirable to identify the commuting flow on the basis 
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of the type of person (employee, student, etc.). In addition, if we could access life log data, we could perform an 
even more detailed analysis. We assume that the average piece of commuting flow information is collected per day
or per year because the interval of ICT infrastructure installation is not particularly frequent (there is no real-time 
installation).
Fig. 3. Two service diffusion types.
Therefore, the following hypotheses are given for ICT infrastructure diffusion considering an early adopter (Fig. 
3). In one type of service diffusion, the early adopters (Area-1, Area-2, and Area-3) gather in one area (Area-A) and 
have contact with individuals in the same area, as shown in the upper part of Fig. 3. In the other type of service 
diffusion, early adopters in one area (Area-A) visit the other areas (Area-1 and Area-2) and get stimulated from 
many interests; then, they get into contact with individuals when they return (as shown in the lower part of Fig. 3).
Hypothesis 1): An area with a high commuting inflow from several areas has a high possibility of diffusing the 
ICT infrastructure via early adopters.
Hypothesis 2): An area with a high outflow to the other areas has a high possibility of diffusing the ICT 
infrastructure via early adopters.
The diffusion of the ICT infrastructure considers region because the distance between areas strongly depends on 
inflows and outflows.
4. Framework of microarea marketing
The framework of target area selection based on the diffusion of the ICT infrastructure and the demand forecast is 
shown in Fig. 4. Thousands of microareas nationwide exist as municipality units, and each area has the ICT 
infrastructure installed or not installed. Therefore, the important point in Step 1 is to efficiently select many target 
areas that are scattered geographically. Here, the selection of areas means that areas with large potential demands 
without the ICT infrastructure are chosen.
The next step (Step 2) is forecasting the expected number of demands for areas without the ICT infrastructure.
We apply the area characteristics of the areas with the ICT infrastructure to estimate the potential demand in areas 
without the ICT infrastructure. This area characteristic is modelled by using demographic data based on areas with 
the ICT infrastructure, and the potential demand in each area without the ICT infrastructure is estimated using this 
model through a multiple regression analysis, etc. We repeat these steps if necessary. The potential demand in the 
areas without the ICT infrastructure is compared, and the order of installation among the target areas is decided in 
the final step (Step 3). In this paper, we focus on the first step.
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Fig. 4. Framework of microarea marketing.
5. Microarea selection method
To analyse inflows and outflows among areas, we introduce the representation of a graph model with an area as a 
node and the commuting flow among areas as a link. In particular, a link has an arrow to consider the direction of 
commuting flows.
Let G = (N, L) be a graph, where N denotes a finite set of nodes (i N) and L represents a set of links (lij L). For 
any lij, there exists a function f: L Æ N0 (non-negative integer) such that f(lij) = zij for lij L. Let c = 1 be a counter 
with an initial value “1”, and n(k) be a linear array where k = 1, 2,ڮ.
The procedure for area selection (shown in Fig. 5) is as follows;
x Step 1: Sort links according to flow values f(lij) in N0 in the descending order: assign threshold values DEand J,
and define a graph G* = (N, L*) where L* denotes an empty set.
x Step 2: Define a set K (  L) = arg max f(lij), and denote f(l*ij) = zd  N0 for l*ij  K.
x Step 3: If zd > D then the following steps are performed.
ż Step 3-1: Add link l*ij to L*, and reconstruct G* = (N, L*).
ż Step 3-2: If there is a node ‘m’ in G* with its in-degree > E, then the following procedure (Step 3-2-1) 
continues.
– Step 3-2-1: Select node ‘m’, and set n(c)Å m, cÅ c+1.
ż Step 3-3: If there is a node ‘m’ in G* with its out-degree > J, then the following procedure (Step 3-3-1) 
continues.
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– Step 3-3-1: Select node ‘m’, set n(c)Å m, cÅ c+1.
ż Step 3-4: Replace L with L\K.
ż Step 3-5: If L is not empty, go back to Step 2.
Fig. 5. Area selection algorithm.
6. Simulation results
6.1. Relationship between penetration rate and  methods
In this section, we compare and evaluate the proposed and conventional methods by considering the difference 
between the WiMAX evolution results. WiMAX is a wireless broadband access service that has been in place in 
Japan since 2009. We evaluated the proposed algorithm from the viewpoint of the in-degree and the out-degree of 
nodes as parameters. To determine the difference in results depending on region, four prefectures are considered:
Kagawa (A), Ishikawa (B), Saitama (C), and Aichi (D).
Table 1 shows the concordance ratio comparison between the conventional method and the proposed method with 
E = J = 1 at each penetration rate. The penetration rate is calculated as the ratio of the number of areas where 
WiMAX has been introduced by the provider (WiMAX evolution) to the number for all areas in the given prefecture.
Two penetration rates are given for each prefecture. Since the introduction of the ICT infrastructure in the field takes 
a long time, the penetration rates given in each prefecture have an interval of almost a year. The concordance ratio 
(CR) of the number of selected areas between WiMAX evolution and the proposed method is defined by the 
following equation.
CR = (Number of selected areas matching WiMAX evolution areas /Number of WiMAX evolution areas) (1)
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The conventional method is defined as the method that selects areas on the basis of the order of the populations of 
the areas. Therefore, the areas with a large population tend to be selected. The CR of the proposed method with E = J
= 1 is obtained at each penetration rate.
Table 1. Relationship between the penetration rate and the considered methods.

























The proposed method is well constructed for user behaviour (higher CR compared with that of conventional 
method) when the penetration rate is small as shown in Table 1. On the other hand, the conventional method is 
suitable when the penetration rate is large except Prefecture A. In the CR comparison with several other prefectures, 
the proposed method with E = J = 1 is superior to the conventional method when the penetration rate is smaller than 
40%, while the conventional method tends to be superior to the proposed method when the penetration rate is greater 
than 40%.
Table 2. Characteristics of area employee fluidity in Prefecture B.
Area Population Number of employees in 
own area

























Let us now explain why the proposed method is well constructed for a low penetration rate by using Table 2. In 
general, the selected areas for both methods are not very different when the penetration rate becomes large. This is 
because the number of alternative areas to select is limited. Therefore, the characteristics of the proposed method 
will appear in the case of low penetration rate. Table 2 shows the specified area characteristics with the employee 
fluidity against population. B-1, which is the 5th largest area in B is not selected under the condition of 40% 
penetration rate, whereas B-2, which is the 6th largest area in B, and B-3, which is the 10th largest area in B, are 
selected under the 40% penetration rate condition. The characteristics of these areas can be explained by Table 2. 
Although B-1 has a large population, the commuting in- and outflows are very small. On the other hand, B-2 and B-
3, which are commuter areas to Ishikawa which in turn is the prefectural capital, have large in- and outflows. A trade 
analysis in an enterprise includes the investigation of not only the population but also the number of shops, 
companies, schools, broadband services, and so on as a criterion. The selected areas of broadband services such as 
FTTH exhibited the same behaviour as that in the case of WiMAX in this study. Therefore, our hypothesis well 
explains this situation.
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6.2. Optimal parameters for the proposed method
The comparison between the conventional and the proposed methods is described in the previous subsection. 
However, the proposed method has a large number of values for E and J. Therefore, it is necessary to decide which 
values (E and J) are optimal for the practical use of the proposed method in the next stage. The 33 prefectures are 
considered as the representative of prefectures in terms of size. Since the employee fluidity depends on the area 
selection, we classified the prefectures into the following five categories in terms of employee fluidity according to 
the correspondence analysis shown in Fig. 6.  We selected 11 prefectures as the representative of these categories.
x Group 1: areas with large inflow (D in Table 3)
x Group 2: areas with large in- and outflows (E and F in Table 3)
x Group 3: areas with large outflow (C in Table 3)
x Group 4: areas with few in- and outflows (I and J in Table 3)
x Group 5: balanced / average areas (A, B, G, H, and K in Table 3)
Fig. 6. Correspondence analysis of employee fluidity.
The relationship between the result and the parameters of the proposed method is analysed. The results of the 
comparison of the areas with WiMAX for the selected areas with the above algorithm are shown in Table 3. CM and 
PM denote the conventional method and the proposed method, respectively. The CR values of both methods under 
the condition of 40% penetration rate are evaluated, particularly six patterns for PM. The optimal algorithm that has 
the highest CR is different among prefectures. However, the optimal algorithm when the penetration rate is small 
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(under 40%) has E = J for all 11 prefectures. The results obtained using the area selection process reveal that the 
inflows are concentrated in one urban area in Groups 4 and 5, whereas inflows are distributed to some urban areas in 
Groups 1-3. These urban areas have a large day population with a number of companies, for example, inside and are 
known to lead the prefecture in fields such as fashion and culture. Therefore, simply focusing on the volume of 
employee fluidity is well represented of the target area selection.
However, the proposed method should be used carefully because the CR is not always 100%. An exceptional area 
may exist as an area including a sightseeing spot or a popular restaurant. We have to pay attention to the other 
valuable factors in Step 2 as illustrated in Fig. 4.
















A (34) 0.79 0.79 0.79 0.79 0.79 0.79 0.7
B (20) 0.57 0.86 0.57 0.71 0.86 0.71 0.71
C (87) 0.69 0.69 0.69 0.66 0.69 0.69 0.66
D (83) 0.62 0.72 0.66 0.62 0.59 0.62 0.62
E (54) 0.6 0.65 0.5 0.55 0.6 0.6 0.6
F (32) 0.77 0.85 0.85 0.85 0.77 0.85 0.85
G (38) 0.73 0.87 0.73 0.67 0.73 0.73 0.73
H (27) 0.73 0.82 0.73 0.73 0.82 0.73 0.73
I (32) 0.58 0.67 0.67 0.67 0.5 0.58 0.67
J (43) 0.53 0.71 0.59 0.71 0.59 0.71 0.71
K (35) 0.79 0.79 0.71 0.71 0.71 0.71 0.71
7. Conclusions
It is tremendously important to select an area in which an ICT infrastructure is introduced in order to ensure 
quick and economical development of an advanced information society. Area selection strongly depends on the 
potential demand, and one of the main features of the ICT infrastructure is network externality; therefore, a huge 
amount of time and labour is required to select specified areas from among a large number of candidate areas.
In this paper, we provided a framework of microarea marketing for ICT infrastructure installation and proposed 
an efficient area selection method. We evaluated the proposed method using real field data (11 prefectures) and 
obtained optimal parameters for practical use. However, the proposed method has to be used carefully because the 
CR is not always 100%. We have to pay attention to the other valuable factors in the next step.
Our future work will analyse the gap caused by the CR and proceed to the next step in which the potential 
demand is estimated. Further, we intend to verify and improve the proposed method in terms of the application of 
detailed movement data such as life logs.
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